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Extraction and characterisation of β-galactosidase produced by Bifidobacterium 
animalis spp. lactis Bb12 and Lactobacillus delbrueckii spp. bulgaricus ATCC 11842 
grown in whey
Abstract
This study investigated the production of β-Galactosidase (β-gal) by Bifidobacterium animalis 
ssp. lactis Bb12 and Lactobacillus delbrueckii ssp. bulgaricus ATCC 11842 in whey and the 
effect of four different extraction methods i.e. sonication, acetone-toluene, SDS-chloroform 
and lysozyme-EDTA treatment on enzyme activity from these organisms. Both organisms were 
grown in deproteinised whey containing yeast extract (3.0 g/L), peptone (5.0 g/L) and glucose 
(10.0 g/L) for 18 h, at 37 ºC for B. animalis ssp. lactis Bb12 and at 45ºC for L. delbrueckii ssp. 
bulgaricus ATCC 11842. The optimum intracelluar β-gal activity on 15 mM o-nitrophenyl 
β-D-galactopyranoside (ONPG) assay was at pH 6.8 for both organisms irrespective of the 
method of extraction used. Also, the effect of temperature on enzyme activity was studied at 
various temperatures (30, 35, 40, 45, and 50°C). At 35°C and 40°C, B. animalis ssp. lactis 
Bb12 exhibited more intracellular β-gal activity extracted by sonication than other temperatures 
and methods. However, L. delbrueckii ssp. bulgaricus ATCC 11842 showed more intracellular 
β-gal activity at 35°C and 45°C when extracted by lysozyme-EDTA treatment. Among the 
four methods used for β-gal extraction, sonication gave the best result (6.80 Unit/mL) for B. 
animalis ssp. lactis Bb12 while lysozyme-EDTA treatment was found to be the best (7.77 Unit/
mL) for L. delbrueckii ssp. bulgaricus ATCC 11842. 
Introduction
β-Gal; lactase, EC 3.2.1.23) catalyzes the 
hydrolysis of lactose to glucose and galactose. This 
enzyme is used to hydrolyse milk lactose to combat 
the problems of lactose intolerance by individuals 
who are deficient in lactase (Artolozaga et al., 1998). 
Commercial β-gal is produced from bacteria (such 
as Streptococcus thermophilus and Lactobaccillus 
lactis); yeasts (such as Kluyveromyces lactis and 
Kluyveromyces marxianus) and moulds (such 
as Aspergillus niger, Aspergillus candidus and 
Aspergillus oryzae (Panesar et al., 2006; Zheng et 
al., 2006). Since β-gal is an intracellular enzyme, 
one of the major hindrances in effective production 
of this enzyme is its release in sufficient quantities 
from cells. The use of whole cells as a source of 
β-gal may appear as a good alternative, however, a 
major drawback is the poor permeability of cell wall 
membrane. Therefore, different methods have been 
applied to increase their permeability of microbial 
cell walls (Panesar et al., 2006). 
Several workers have reported on the release of 
β-gal through permeabilization of microbial cells by 
organic solvents (Flores et al., 1994; Numanoglu and 
Sungur, 2004; Panesar et al., 2007; Park et al., 2007). 
Flores et al. (1994) studied the permeabilization of 
K. lactis cells by chloroform, toluene and ethanol to 
release β-gal enzyme. They found that the effectiveness 
of solvents was dependent on the incubation time, 
incubation temperature and concentration of both 
cells and solvents. Mechanical methods such as 
sonication, high-pressure homogenizer or bead mills 
have been traditionally used for the disruption of 
microbial cells (Geciova et al., 2000). The method 
of choice should be robust enough to disrupt cell 
membranes efficiently but gentle enough to preserve 
enzyme activity (Numanoglu and Sungur, 2004). 
    Sonication is one of the most widely used methods 
for disruption of the bacterial cell walls (Engler, 
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1985). Among the three methods, sonication, bead 
milling and high-pressure homogenizer, sonication 
was found to be more effective for releasing β-gal 
(Toba et al., 1990; Sakakibara et al., 1994). Berger et 
al. (1995) compared two physical disruption methods 
for the extraction of intracellular β-gal enzyme from 
Thermus species and found that the sonication was 
superior to the glass-bead milling. Bury et al. (2001) 
studied on the disruption of cells of L. delbrueckii 
ssp. bulgaricus ATCC 11842 who concluded that 
sonication was the least effective method on the 
release of β-gal. 
Salasbury (1989) found that lysozyme is often 
used for lysis of peptidoglycan layers as it catalyses 
hydrolysis of β 1-4-glycosidic bonds. The enzyme 
is commercially available at a reasonable cost, and 
is produced from egg-white preparations. Gram-
negative bacteria are less susceptible than the 
Gram-positive ones as their outer layer made of 
peptidoglycan, is responsible for rigidity of bacterial 
cell wall and for determination of cell shape. It is 
made up of a polysaccharide backbone consisting 
of alternating N-acetylmuramic acid (NAM) and 
N-acetylglucosamine (NAG) residues in equal 
amounts. However, combining lysozyme-EDTA 
treatment allows the disruption of the cell wall and 
subsequent attack on the peptidoglycan structure 
(Salasbury, 1989). Therefore, lysozyme-EDTA 
mixture is very efficient for releasing β-gal from 
Gram-negative bacteria cell walls (Andrews and 
Asenjo, 1987; Geciova et al., 2000).
Numanoglu and Sungur (2004) compared 
chemical (toluene, SDS-chloroform) and physical 
(glass bead mill) methods to facilitate the release of 
β-gal from K. lactis cells and found that the physical 
method was better than chemical ones. This was in 
agreement with Fiedurek and Szczodrak (1994) who 
used three methods such as solvent and detergent 
extraction, freezing and thawing extraction, and 
mechanical disintegration to release the β-gal from 
K. fragilis cells and found that the highest yield was 
obtained by mechanical disintegration.  
The lactic acid bacteria (LAB) requires numerous 
growth factors such as whey, reconstituted skim milk 
(RSM) and MRS broth in addition to carbohydrate 
and nitrogen sources in a growth medium (Stiles 
and Holzapfel, 1997) to be used for the enzyme 
production. In search for a suitable and inexpensive 
medium is readily available components such as whey 
appear as an attractive alternative to RSM (Gupta and 
Gandhi, 1995; Bury et al., 2000). The β-gal activity of 
a given microorganism depends on the characteristics 
of a medium. To maximize the enzyme activity, a rich 
medium is necessary. Therefore, sweet whey appears 
highly attractive mostly due to relatively high lactose 
content. Lactose constitutes over 70% of the total 
solids in whey (Rhimi et al., 2007).
There are two types of whey; i) Sweet whey 
is produced during the producing of rennet types 
or hard cheeses like Cheddar or Swiss cheeses. ii) 
Acid whey (also known as “sour whey”) is obtained 
during the production of acid types cheeses such 
as cottage cheese. Sweet whey is a rich source of 
whey proteins, lactose, enzymes, vitamins, bioactive 
compounds and minerals (Agrawal et al., 1989; Joshi 
et al., 1989; Keerthana and Reddy, 2006). Many 
small-size cheese plants do not have proper treatment 
systems for the disposal of whey and the dumping 
of whey constitutes a significant loss of potential 
food as whey retains about 40-45% of total milk 
solids (Panesar et al., 2007). Its disposal as waste 
poses serious pollution problems for the surrounding 
environment (Carrara and Rubiolo, 1994; Dagbagli 
and Goksungur, 2008; Magalhaes et al., 2010a). 
Sweet syrup produced through lactose hydrolysis 
by β-gal can be used in dairy, confectionary, baking 
and soft drink industries (Mahoney, 1997; Rajakala 
et al., 2006). Other applications of β-gal could also 
include the production of biologically-active galacto-
oligosaccharides from lactose hydrolysis (Boon et 
al., 2000; Albayrak and Yang, 2002). 
     The L. delbrueckii ssp. bulgaricus ATCC 11842 
was selected based on previous evidence as a high 
β-gal producer (Vasiljevic and Jelen, 2003). The B. 
animalis ssp. lactis Bb12 was found to possess the 
highest level of β-gal activity compared to others 
Bifidobacteria (Dechter and Hoover, 1998). Therefore, 
the present study was undertaken to evaluate the 
suitability of sweet whey as a medium for the 
production of β-gal from B. animalis ssp. lactis Bb12 
and L. delbrueckii ssp. bulgaricus ATCC 11842. This 
study also evaluated physical and chemical methods 
of enzyme extraction from bacteria in terms of their 
efficacy and enzyme yield. 
Materials and Methods
Micro-organisms  
Pure culture of B. animalis Bb12 was obtained 
from Chr. Hansen, (Bayswater, VIC, Australia) and L. 
delbrueckii ssp. bulgaricus ATCC was obtained from 
Victoria University Culture Collection (Werribee, 
Victoria, Australia). The purity of the cultures was 
confirmed by Gram staining. The stock cultures were 
stored at -80ºC in 50/50 sterile MRS broth (Difco, 
Becton, Dickinson and Company, New Jersey, USA) 
and glycerol (MERCK Pty Ltd, Colchester Road, 
Kilsyth, Australia.  
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Culture growth conditions
   The organisms were activated in two successive 
transfers in MRS broth supplemented with 0.05% 
L-cysteine (Sigma Chemical Company, St. Louis, 
MO, USA) and incubated at 37ºC for B. animalis ssp. 
lactis Bb12, and 45ºC for L. delbrueckii ssp. bulgaricus 
ATCC 11842 for 18 h. Activated organisms were 
grown in deproteinized sweet whey supplemented 
with yeast extract (3.0 g/L), peptone (5 g/L) and 
glucose (10 g/L). The sweet whey was deproteinized 
by heating at 85ºC for 10 min after adjusting the pH 
to 4.5 using lactic acid. The heat-treated whey was 
cooled to room temperature and filtered through 
Whatman no. 1 filter paper. The pH of whey medium 
was then re-adjusted to 7.0 and sterilized at 121ºC for 
15 min then inoculated aseptically with 1% of each 
organism and incubated at 37 ºC for B. animalis ssp. 
lactis Bb12 or 45ºC for L. delbrueckii ssp. bulgaricus 
ATCC 11842 for 18 h under anaerobic conditions.
Enzyme extraction
 After 18 h of incubation, the cells were harvested 
by centrifuging at 10,000×g for 10 min at 4°C. 
The supernatant was considered to be containing 
extracellular enzymes. The cell pellet was crushed 
and washed twice with a 0.03 M sodium phosphate 
buffer (pH 6.8) and centrifuged at 10,000×g for 10 
min at 4°C. The washed pellets were resuspended 
in 5 mL of 0.2 M phosphate buffer (pH 6.8) for 
intracellular enzyme extraction using four different 
cell disintegration methods listed below:      
Sonication: The cell suspensions were sonicated 
for 30 min in ice bath using Sonirep 150 MSE (MSE 
Instruments, Crawley, UK) sonicator according to the 
method of Beccerra et al. (1998). The extract was then 
centrifuged at 15,000×g and 4°C for 10 min and the 
supernatant containing the crude enzyme was stored 
at –20°C until used for enzyme assays. 
Lysozyme-EDTA treatment: Lysozyme solution 
was prepared by dissolving 50 mg of lysozyme 
(Sigma Aldrich Pty Lim, Castle Hill NSW, Australia) 
in 1.5 mL of TE (Tris-EDTA; Ethylenediamine 
Tetraacetic Acid) buffer containing 1 mM EDTA and 
10 mM Tris-HCl, adjusted to pH 8.0. The lysozyme 
preparation was added to the cell suspension at the 
rate of 75 µL per mL, incubated for 30 min at room 
temperature then kept at -200C until enzyme activity 
measurement.
 Toluene-acetone treatment:  Ten millilitre of cell 
suspension was ground for 10 min in a pestle and 
mortar with 2.0 g alumina (Sigma Aldrich Pty Lim, 
Castle Hill NSW, Australia) and 0.1 mL of 9:1 mixture 
of toluene (BDH Chemical, Pty Limited, Kilsyth, 
Vic, Australia with 99.5% purity) and acetone (Merck 
Pty Limited Kilsyth, Vic, Australia with 99% purity) 
solvents. The suspension was extended in 8 mL 
phosphate buffer and centrifuged at 15,000×g for 10 
min at 4°C (Mahoney et al., 1975). The supernatant 
obtained was kept at -200C until used for enzyme 
assay.
Sodium Dodecyl Sulfate (SDS)-Chloroform 
treatment: Permeabilization of cell membrane 
was carried out by vortexing 10 mL of the cell 
suspension in the presence of 100 μL chloroform 
and 50 μL 0.1% SDS solution for 30 min at room 
temperature (Mahoney et al., 1975). The suspension 
was centrifuged at 15,000×g for 10 min at 4 °C and 
the supernatant was kept at -200C until needed for the 
enzyme assay. 
Enzyme assay
The β-Gal was determined as described by Hsu 
et al. (2005). The reaction mixture was composed 
of 0.5 mL of supernatant containing extracted 
enzyme and 0.5 mL of 15 mM o-nitrophenyl β-D-
galactopyranoside (ONPG) in 0.03 M sodium 
phosphate buffer (pH 6.8). After incubation for 10 
min at 37°C, 2.0 mL of 0.1 M sodium carbonate was 
added to the mixture to stop the reaction. Absorbance 
was measured at 420 nm with a spectrophotometer 
(Model Helios R, Unicam Co., Cambridge, UK). One 
unit of β-gal was defined as the amount of enzyme 
that produced one micro-mol (µM) of o-nitrophenol 
per min under the assay condition.
Effect of pH and temperature on β-Gal activity
The intracellular β-gal extracted by four different 
methods were characterised for their optimum 
activity by incubating the enzyme in substrate of 15 
mM o-nitrophenyl β-D-galactopyranoside (ONPG) 
adjusted at three levels of assay pH (4.5, 5.5 and 
6.8) with 2N NaOH, or 3N HCL in 0.03 M sodium 
phosphate buffer for 10 min at 37ºC. Similarly, the 
effect of temperature on enzyme activity was studied 
by incubating the enzyme in above mentioned 
substrate at various temperatures (30, 35, 40, 45 and 
50ºC) for 10 min at pH 6.8. 
Statistical analysis 
All analyses were performed in triplicate and 
data were analyzed using Statistical Analysis System 
(SAS) software (SAS, 1995) and one-way analysis of 
variance (ANOVA) at 5% confidence level. ANOVA 
data with a P < 0.05 were classified as statistically 
significant.
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Results and Discussion
β-Gal production in whey and its extraction
  The activity of β-gal from B. animalis Bb12 and 
L. delbrueckii ssp. bulgaricus ATCC 11842 in whey 
and its extraction using various methods is shown in 
Table 1. L. delbrueckii ssp. bulgaricus ATCC 11842 
produced more (p<0.05) intracellular β-gal than B. 
animalis ssp. lactis Bb12 with all extraction methods, 
except sonication. There were significant (p<0.05) 
differences in β-gal levels extracted from each 
organism by the four extraction methods. Sonication 
method was found to be more effective for B. animalis 
Bb12 than the others methods, however, lysozyme-
EDTA treatment was found to be more effective for 
L. delbrueckii ssp. bulgaricus ATCC 11842. The 
maximum intracellular β-gal activity (7.77 Unit/mL) 
was obtained from L. delbrueckii ssp. bulgaricus 
ATCC 11842 by lysozyme treatment while the lowest 
activity (2.05 Unit/mL) was measured using toluene-
acetone treatment. Similarly, this method resulted in 
the lowest activity (0.64 Unit/mL) from B. animalis 
Bb12 while the highest β-gal activity (6.80 Unit/
mL) was obtained by sonication. However, lower 
intracellular β-gal activities (4.85 Unit/mL) and 
(1.58 Unit/mL) were obtained from L. delbrueckii 
ssp. bulgaricus ATCC 11842 and B. animalis Bb12, 
respectively by SDS-chloroform treatment. Toluene-
acetone treatment was not as effective as the SDS-
chloroform method. SDS is a non-ionic detergent 
which works by disrupting non-covalent bonds 
in proteins, thereby denaturing them, causing the 
molecules to lose their native shape (Panesar et al., 
2006). Chloroform is also a common solvent because 
it is relatively unreactive, miscible with most organic 
liquids, and conveniently volatile. It is an effective 
solvent for alkaloids in their base form and thus plant 
materials are commonly extracted with chloroform 
for pharmaceutical processing. Thus the action of 
SDS-chloroform mixture could be of synergistic 
nature resulting in efficient permeabilization of cell 
wall of yeast cells and subsequent release of the 
enzyme (Panesar et al., 2006). 
Our findings agree with those of Berger et al. 
(1995) who found that sonication was more effective 
than high-pressure homogenization, bead milling 
and toluene-acetone treatments for the release of 
β-gal from Thermus species. However, our results 
are contrary to the finding by Bury et al. (2001) who 
concluded that sonication was the least effective 
method on the release of β-gal from L. delbrueckii 
ssp. bulgaricus ATCC 11842.  Therefore in our study, 
sonication method was found to be more effective for 
B. animalis Bb12, while lysozyme-EDTA treatment 
was more effective for L. delbrueckii ssp. bulgaricus 
ATCC 11842.
Effect of pH on the activity of intracellular enzyme 
extracted from B. animalis Bb12 and L. delbrueckii 
ssp. bulgaricus ATCC 11842 
The optimum activity of the intracellular β-gal 
from B. animalis ssp. lactis Bb12 as extracted by 
four different methods and various assay pH levels 
ranging from (4.5, 5.5 and 6.8) is shown in Fig 1. The 
pH 6.8 was selected based on previous evidence as a 
high β-gal enzyme activity (Hsu et al., 2007). Among 
the four extraction methods employed for B. animalis 
ssp. lactis Bb12, sonication resulted in significantly 
(p<0.05) higher enzyme activity followed by 
lysozyme-EDTA treatment at pH 6.8. Enzyme from 
L. delbrueckii ssp. bulgaricus ATCC 11842 also 
showed (Fig 2) its maximum activity at pH 6.8 where 
lysozyme and SDS-chloroform treatments extracted 
more (p<0.05) enzyme than the other two methods. 
The enzyme activity at pH 6.8 was significantly 
higher (p<0.05) than at other pH levels for the both 
organisms. Any drop in pH value of assay medium 
resulted in a reduction on β-gal enzyme activity by 
test organisms.
The maximum enzyme activity (7.77 Unit/mL) 
was obtained when L. delbrueckii ssp. bulgaricus 
Table 1. Effects of extraction methods on intracellular β-gal activity from 
B. animalis ssp. lactis Bb12 and L. delbrueckii ssp. bulgaricus ATCC 
11842 grown in whey for 18 h at 37 ºC
Methods Lb ATCC 11842 
(Unit/mL)
Bb12 
(Unit/mL)
Sonication 3.09±0.34A 6.80±0.35A
Toluene-Acetone 2.05±0.35 D 0.64±0.06 D
SDS-Chloroform 4.85±1.14 C 1.58±0.15 C
Lysozyme treatment 7.77±2.78 B 3.96±1.05 B
Results are expressed as mean ± SE (n=3). Data were analysed by means of 1-way ANOVA. 
Mean values in the same row with the same lowercase superscripts are not significantly different 
(P > 0.05). Mean values in the same column for a particular organism with the same uppercase 
letter are not significantly different (P > 0.05)
Figure 1. Effect of growth medium pH at 37 ºC on the activity of 
intracellular β-gal enzyme extracted by four extraction methods from B. 
animalis ssp. lactis Bb12.  Bars indicate standard deviations. Different 
letters within each type of treatment indicate a significant difference 
(p<0.05). Mean values for a particular extraction method with same 
uppercase letters are not significantly different (P>0.05)
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ATCC 11842 was treated with lysozyme-EDTA 
mixture (Fig 2). Lower enzyme activities were found 
when SDS-chloroform (4.85 Unit/mL), sonication 
(3.09 Unit/mL) and toluene-acetone (2.05 Unit/mL) 
were used. Therefore, our results revealed at pH 6.8, 
β-gal activity was found to be at its peak for both 
organisms.
These findings agree with those of Greenberg and 
Mahoney (1982); Nagy et al. (2001) who reported 
that β-gal enzyme activity was found to be higher at 
pH 6.5 to 7.5 at 37˚C from B. animalis, but it appeared 
to be detrimental effect as enzyme is rapidly loose 
its activity at lower and higher of this range. Various 
workers reported that β-gal activity was affected by 
metallic ions (Hung and Lee, 2000; Kim et al., 2003). 
Moreover, Wang et al. (2004) also reported that the 
highest enzyme activity was observed in the pH range 
of 6.7 to 7.5.
Effect of temperature on intracellular enzyme activity 
extracted from B. animalis ssp. lactis Bb12 and L. 
delbrueckii ssp. bulgaricus ATCC 11842 
Based on maximum enzyme activity results 
obtained for B. animalis ssp. lactis Bb12 and L. 
delbrueckii ssp. bulgaricus ATCC 11842 (Table 1), 
only the sonication and lysozyme-EDTA methods 
were chosen for the study on the effect of temperature 
on intracellular β-gal enzyme activity extracted from 
these organisms (Table 2). Subsequently, the enzyme 
extracted from each organism was incubated at 
various temperatures (30, 35, 40, 45 and 50ºC) for 10 
min at pH 6.8. 
Intracellular β-gal enzyme extracted by 
sonication and lysozyme-EDTA treatment from 
B. animalis ssp. lactis Bb12 showed significantly 
(p<0.05) higher activity at 35°C and 40°C than other 
temperatures (Table 2), whereas, β-gal extracted from 
L. delbrueckii ssp. bulgaricus  showed its maximum 
activity (p<0.05) at 35 to 45°C (Table 2). There was a 
significant difference (p<0.05) in β-gal production by 
B. animalis Bb12 assay temperatures at 30°C, 45°C 
and 50°C using sonication method while no such 
difference was observed at 35°C and 40°C. However, 
lysozyme treatment showed a significant difference 
(p>0.05) in β-gal production by L. delbrueckii ssp. 
bulgaricus ATCC 11842 at 30°C, 35°C and 40°C but 
no difference at 45°C and 50°C. 
 The maximum enzyme activity of 6.68 Unit/mL 
from B. animalis ssp. lactis Bb12 was obtained by 
sonication at 35 ºC whereas the maximum enzyme 
activity of 7.45 Unit/mL from L. delbrueckii ssp. 
bulgaricus ATCC 11842 was obtained by lysozyme-
EDTA treatment at 45 ºC (Table 2).
  Many workers have reported 37 to 45ºC as the 
optimum temperature range for maximum enzyme 
activity with different organisms (Tzortzis et al., 
2005; Splechtna et al., 2006; Searle et al., 2009). The 
maximum β-gal enzyme activity from S. thermophilus 
(Somkuti and Steinberg, 1979), B. infantis HL96 
(Hung and Lee, 2002) and Penicillium chrysogenum 
(Nagy et al., 2001) was obtained at 35-50 ºC. Our 
results also revealed that β-gal extracted by sonication 
and lysozyme-EDTA treatment showed higher activity 
at temperature range of 35 to 45°C. Further increase 
in temperature beyond 50°C resulted in reduction in 
enzyme activity. Most enzymes denatured rapidly at 
temperatures above 55˚ C (Bryan and Keith, 1981). 
Itoh et al. (1992); Cho et al. (2003) have shown that 
the activity of the enzyme reduced rapidly at or above 
50 ºC with no activity detected beyond 60 ºC for 10 
min.
Conclusion
     
Among the four extraction methods, sonication 
was found to be more effective for B. animalis ssp. 
lactis Bb12, whereas lysozyme-EDTA treatment 
was found to be more effective for L. delbrueckii 
Table 2. Effect of assay temperature at pH 6.8 and extraction methods 
on intracellular β-gal activity extracted from B. animalis ssp. lactis Bb12 
and L. delbrueckii ssp. bulgaricus ATCC 11842 
Lb ATCC 11842 Bb12
Incubation
Temp.
Sonication
(Unit/mL)
Lysozyme
(Unit/mL)
Sonication
(Unit/mL)
Lysozyme 
(Unit/mL)
30 ˚ C 1.23±0.01Ca 4.29±0.06Cb 3.00±0.05Ca 2.01±0.02Cb
35˚C 2.36±0.02Aa 7.35±0.19Ab 6.68±0.11Aa 2.13±0.05Bb
40˚C 2.22±0.03Ab 5.86±0.13Ba 5.67±0.13Aa 2.27±0.02Ab
45˚C 1.93±0.02Bb 7.45±0.08Aa 3.82±0.05Ba 1.34±0.05
Db
50˚C 1.40±0.01Cb 7.25±0.04Aa 2.87±0.04Ca 1.33±0.02
Db
Results are expressed as mean ± SE (n=3). Data were analysed by means of 1-way ANOVA. 
Means values in the same row with the same lowercase superscripts are not significantly 
different (P > 0.05). Mean values in the same column for a particular organism with the same 
uppercase letter are not significantly different (P > 0.05)
Figure 2. Effect of growth medium pH at 37 ºC on the activity of 
intracellular β-gal enzyme extracted by four extraction methods from 
L. delbrueckii ssp. bulgaricus ATCC 11842 Bars indicate standard 
deviations. Different letters within each type of treatment indicate a 
significant difference (p<0.05). Mean values for a particular extraction 
method with same uppercase letters are not significantly different 
(P>0.05)
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ssp. bulgaricus ATCC 11842. The enzyme activity 
at pH 6.8 was significantly higher (P<0.05) than at 
other pH levels for both the organisms. The optimum 
temperature for the activity of enzyme obtained from 
B. animalis ssp. lactis Bb12 was found to be at 35ºC 
whereas for L. delbrueckii ssp. bulgaricus ATCC 
11842 it was 45ºC. Deproteinised sweet whey was 
found to be a suitable medium for β-gal production, 
it should be possible to produce commercial amounts 
of β-gal using the two organisms reported in this 
study, however the enzyme extraction method need 
to be adapted to the strain used.
    
References
Agrawal, S., Garg, S.K. and Dutta, S.M. 1989. Microbial 
β-galactosidase: Production, properties and industrial 
applications. International Journal of Dairy Science 
42: 251-262.
Albayrak, N.A. and Yang, S.T. 2002. Production of galacto-
oligosaccharides from lactose by Aspergillus oryzae 
a-galactosidase immobilized on cotton cloth. Journal 
of Biotechnology and Bioengineering 6: 8-19. 
Andrews, B.A. and Asenjo, J.A. 1987. Enzymatic lysis and 
disruption of microbial cells. Trends in Biotechnology 
5: 273–277.
Artolozaga, M.J., Jones, R., Schneider, A.L., Furlan, 
S.A. and Carvallo-Jones, M.F. 1998. One step partial 
purification of β-D-galactosidase from Kluyveromyces 
marxianus CDB002 using streamline-DEAE. 
Bioseparation 7: 137-143.
Bansal, S., Singh, H., Singh, O.G., Dhillon, R. and 
Patil, T. 2008. Production of β-galactosidase by 
Kluyveromyces marxianus MTCC 1388 using whey 
and effect of four different methods of enzyme 
extraction on β-galactosidase activity. Indian Journal 
of Microbiology 48: 337–341.
Becerra, M., Cerdan, E. and Gonzalez, S.M.I. 1998. Dealing 
with different methods for Kluyveromyces lactis 
β-galactosidase purification. Biological Proceeding 
Online 1: 48–58.
Berger, J.L., Lee, B.H. and Lacroix, C. 1995. Identification 
of new enzyme activities of several strains of Thermus 
species. Applied Microbiology and Biotechnology 
44(1-2): 81-87.
Boon, M.A., Janssen, A.E.M. and van’t Riet, K. 2000. 
Effect of temperature and enzyme origin on the 
enzymatic synthesis of oligosaccharides. Enzyme and 
Microbial Technology 26: 271-281.
Bryan, L.W. and Keith, W. 1981. General principles of 
biochemical investigation. Principles and techniques 
of practical biochemistry, 2nd edition, p. 32-34. 
Bury, D., Hajsmanova, M. and Jelen, P. 2000. Growth of 
Lactobacillus delbrueckii subsp.  bulgaricus 11842 
in whey supplemented with various whey protein 
concentrates. Milchwissenschaft 54 (11): 610–612.
Bury, D., Geciova, J. and Jelen, P. 2001. Effect of yeast 
extracts supplementation on β-galactosidase activity 
of Lactobacillus delbrueckii ssp. bulgaricus 11842 
grown in whey. Czech Journal of Food Science 19: 
166-170. 
Carrara, C.R. and Rubiolo, A.C. 1994. Immobilization 
of β-D-galactosidase on chitoson. Journal of 
Biotechnology Progress 10: 220-224. 
Cho, Y.J., Shin, H.J. and Bucke, C. 2003. Purification and 
biochemical properties of a galactooligosaccharide 
producing β-galactosidase from Bullera singularis. 
Biotechnology Letters 25: 2107–2111.
Dagbagli, S. and Goksungur, Y. 2008. Optimization of 
β-galactosidase production using Kluyveromyces 
lactis NRRL Y-8279 by response surface methodology. 
Journal of Biotechnology 11: 1-12.
Dechter, T.H. and Hoover, D.G. 1998. Survivality and 
β-galactosidase activity of Bifidobacteria stored at 
low temperatures. Food biotechnology 12: 1-2. 
Engler, C.R. 1985. Disruption of microbial cells in 
comprehensive biotechnology. In M. Moo-Young, & 
C. L. Cooney (Eds.), 2: 305–324. UK: Pergamon.
Fiedurek, J. and Szczodrak, J. 1994. Selection of strain, 
culture conditions and extraction procedures for 
optimum production of β-galactosidase from 
Kluyveromyces fragilis. Acta Polish Journal of 
Microbiology 43: 57–65.
Flores, M.V., Voget, C.E. and Ertola, R.J.J. 1994. 
Permeabilization of yeast cells (Kluyveromyces 
lactis) with organic solvents. Enzyme and Microbial 
Technology 16 (4): 340-346.
Geciova, J., Bury, D. and Jelen, P. 2000. Methods for 
disruption of microbial cells for potential use in the 
dairy industry- a review. International Dairy Journal 
12 (6): 541-553.
Greenberge, N.A. and Mahoney, R.R. 1982. Production and 
characterization of β-galactosidase from Streptococcus 
thermophilus and Bifidobacterium animalis. Journal 
of Food Science 37: 248-254.
Gupta, R. and Gandhi, D.N. 1995. Effect of supplementation 
of some nutrients in whey on the production of lactic 
acid. Indian Journal of Dairy Science 48 (11): 636–
641.
Hsu, C.A., Yu, R.C. and Chou, C.C. 2005. Production of 
β-galactosidase by Bifidobacteria as influenced by 
various culture conditions. International Journal of 
Food Microbiology 104(2): 197-206.
Hsu, C.A., Lee, S.L. and Chou, C.C. 2007. Enzymatic 
production of galacto-oligosaccharides by 
β-Galactosidase from Bifidobacterium longum BCRC 
15708. Journal of Agriculture Food Chemistry 55: 
2225-2230.
Hung, M.N. and Lee, B.H. 2002. Purification and 
characterization of a recombinant β-galactosidase with 
transgalactosylation activity from Bifidobacterium 
infantis HL96. Applied Microbiology Biotechnology 
58: 439–445.
Itoh, K., Toba, T, and Adachi, S. 1992. Properties of 
β-galactosidase of Lactobacillus kefiranofaciens 
K-1 isolated from kefir grains. Letters in Applied 
Microbiology 15: 232-234.
Joshi, M.S., Gowda, L.R., Katwa, L.C. and Bhat, S.G. 
Prasad et al./IFRJ 20(1): 487-494 493
1989. Permeabilization of yeast cells (Kluyveromyces 
fragilis) to lactose by digitonin. Enzyme Microbiology 
Technology 11: 439-443.
Jurado, E., Camacho, F., Luzon, G. and Vicaria, J.M. 2002. 
A new kinetic model proposed for enzymatic hydrolysis 
of lactose by a β-galactosidase from Kluyveromyces 
fragilis. Enzyme Microbiology Technology 31: 300–
309.
Keerthana, Y.S. and Reddy, Y.R. 2006. Whey beverages: 
Drinks from Dairy Waste. Journal of Beverages Food 
World 33: 71-73.
Kim, H. H., Mano, N, and Heller, A. 2003. A miniature 
membrane-less biofuel cell operating under 
physiological conditions. Journal of Electrochemistry 
Society 150: 209-213. 
Magalhaes, K.T. and Pereira, M.A. 2010a. Production of 
fermented cheese whey-based beverage using kefir 
grains as starter culture: evaluation of morphological 
and microbial variations. Bioresource Technology 
101: 8843–8850.
Mahoney, R.R., Nickerson, T.A. and Whitaker, J.R. 1975. 
Selection of strain, growth conditions and extraction 
procedures for optimum production of lactase from 
Kluyveromyces fragilis. Journal of Dairy Science 58: 
1620–1629.
Mahoney, R.R. 1997. Lactose: enzymatic modification. 
In: Fox P.F., Ed., Advanced Dairy Chemistry, vol. 3, 
Chapman & Hall, London, p. 77-125.
Marwaha, S.S. and Kennedy, J.F. 1988. Whey-pollution 
problem and potential utilization. International Journal 
of Food Science Technology 23 (4): 323–236.
Nagy, Z., Szentirmai, A. and Biro, S. 2001. β-galactosidase 
of Penicillium chrysogenum: Production, purification 
and characterization of the enzyme. Protein Expression 
and Purification 21: 24-29.
Numanoglu, Y. and Sungur, S. 2004. β-galactosidase from 
Kluyveromyces lactis cell disruption and enzyme 
immobilization using a cellulose-gelatin carrier 
system. Process Biochemistry 39 (6): 705-711.
Panesar, P.S., Panesar, R., Singh, R.S., Kennedy, J.F. and 
Kumar, H. 2006. Microbial production, immobilization 
and applications of β-D-galactosidase. Journal of 
Chemistry Technical Biotechnology 81: 530-543.
Panesar, P.S., Kennedy, J.F., Gandhi, D.N. and Bunko, K. 
2007. Bioutilisation of whey for lactic acid production. 
Food Chemistry 105: 1–14. 
Panesar, R., Panesar, P.S., Singh, R.S., Kennedy, J.F. and 
Bera, M.B. 2007. Production of lactose-hydrolyzed 
milk using ethanol permeabilized yeast cells. Food 
Chemistry 101 (2): 786-790.
Park, P.K., Kim, E.Y. and Chu, K.H. 2007. Chemical 
disruption of yeast cells for the isolation of carotenoid 
pigments. Separation and Purification Technology 
53(2): 148-152.
Parente, E. and Zottola, E.A. 1991. Growth of Thermophilic 
Starters in Whey Permeate Media Journal of Dairy 
Science 74(1): 20-28.
Rajakala, P. and Selvi, P.K. 2006. The effect of pH, 
temperature and alkali metal ions on the hydrolsis 
of whey lactose catalysed by β-galactosidase from 
Kluyveromyces marxianus. International Journal of 
Dairy Science 1: 167-172.
Ramey, W.D. 2002. Experiment A4a – Effect of glucose, 
lactose and sucrose on the induction β-galactosidase, 
p. 1-6. In W.D. Ramey (ed.), Microbiology 421 
manual of experimental microbiology, The University 
of British Columbia. 
Rhimi, M., Messaoud, E.B., Borgi, M.A., Khadra, K.B., 
and Bejar, S. 2007. Co-expression of l-arabinose 
isomerase and D-glucose isomerase in E. coli and 
development of an efficient process producing 
simultaneously D-tagatose and D-fructose. Enzyme 
Microbiology Technology 40: 1531-1537.
Sakakibara, M., Wang, D.Z., Ikeda, K. and Suzuki, K. 
1994. Effect of ultrasonic irradiation on production 
of fermented milk with Lactobacillus delbrueckii. 
Ultrasonic Sonochemistry 1: 107–110.
Salasbury, T. 1989. Clarification and enzyme extraction: 
Disruption. In E. L. V. Harris, & S. Angal (Eds.). A 
practical approach. Oxford: IRL Press at Oxford 
University.
Statistical Analysis System Institute. 1995. J M P Statistics 
and Graphics Guide. Version 3.1. Cary, North Carolina: 
SAS Institute.
Searle, L.E.J., Best, A., Nunez, A., Salguero, F.J., 
Johnson, L., Weyer, U., Dugdale, A.H., Cooley, W.A., 
Carter, B., Jones, G., Tzortzis, G., Woodward, M.J. 
and Ragione, R.M.L. 2009. A mixture containing 
galactooligosaccharide, produced by the enzymic 
activity of Bifidobacterium bifidum. Journal of Med 
Microbiology 58: 37–48.
Shah, N.P. and Jelen, P. 1990. Survival of lactic acid 
bacteria and their lactases under acidic conditions. 
Journal of Food Science 55 (2): 506-509.
Sikkema, J., De Bont, J.A.M. and Poolman, B. 1995. 
Mechanisms of membrane toxicity of hydrocarbons. 
Review of Microbiology 59: 201–222.
Splechtna, B., Nguyen, T.H., Steinbock, M., Kulbe, K.D., 
Lorenz, W. and Haltrich, D. 2006. Production of 
prebiotic galacto-oligosaccharides from lactose using 
beta-galactosidases from Lactobacillus reuteri. Journal 
of Agriculture Food Chemistry 54(14): 4999–5006. 
Stiles, M. and Holzapfel, W.H. 1997. Lactic acid bacteria 
of foods and their current taxonomy. International 
Journal of Food Microbiology 36 (1): 1–29.
Tari, C., Gogus, N. and Tokatali, F. 2007. Optimization 
of biomass, pellet size and polygalacturonase 
production by Aspergillus sojae ATCC 20235 using 
response surface methodology. Enzyme Microbiology 
Technology 40(5): 1108-1116.
Toba, T., Hayasaka, I., Taguchi, S. and Adachi, S. 1990. 
A new method for manufacture of lactose-hydrolysed 
fermented milk. Journal of Science Food Agriculture 
52(3): 403–407.
Tzortzis, G., Goulas, A.K. and Gibson, G.R. 2005. 
Synthesis of prebiotic galactooligosaccharides using 
whole cells of a noval strain Bifidobacterium bifidum 
NCIMB 41171. Applied Microbiology Biotechnology 
68: 412-416.
Vasiljevic, T. and Jelen, P. 2003. Retention of crude 
494 Prasad et al./IFRJ 20(1): 487-494
β-galactosidase activity in crude cellular extracts from 
Lactobacillus delbrueckii ssp. bulgaricus 11842 upon 
drying. International Journal of Dairy Technology 
56(1): 111-116.
Wang, C.L., Li, D.F., Wang, W.Q. and Lai, C.H. 
2004. Influence of cultivation conditions on the 
a-galactosidase biosynthesis from a novel strain of 
Penicillium sp. in solid-state fermentation. Letters in 
Applied Microbiology 39: 369–375.
Zheng, P., Yu, H., Sun, Z., Ni, Y., Zhang, W. and Fan, 
Y. 2006. Production of galacto-oligosaccharides by 
immobilized recombinant beta-galactosidase from 
Aspergillus candidus. Journal of Biotechnology 1(12): 
1464-1470.
